Prediction of binding energies upon mutation in 3D-structure-known complexes through PyDock scoring functions by Cuevas, Bruno et al.
1Prediction of binding energies upon mutation in
3D-structure-known complexes through PyDock
scoring functions
Bruno Cuevas, Miguel Romero, and Juan Fernandez Recio
Barcelona Supercomputing Centre, Nexus II Building c/Jordi Girona, 29 08034 Barcelona (Spain)
Abstract—The combination of emerging technologies in biology
and the exponential increase of available biological data is leading
to the new paradigm of personalized medicine where each patient
will be diagnosed and treated by integrating all known personal
features such as its genetic background.
In this context, one of the main challenges is the development
of tools that can help to characterize pathological mutations. A
pathological mutation can act in different ways. Some mutations
can modify the overall structure of the protein, leading to
incorrectly unfolded proteins that cannot play their functions, or
that are targeted by the mechanisms of protein turnover. Other
groups of mutations can play crucial roles in the interaction be-
tween proteins. In those cases, proteins could remain structurally
unchanged, yet the formation of protein-protein complexes is
disturbed, inhibiting different paths in which protein-protein
interactions (PPIs) are important.
Different strategies have been employed to deal with this
challenge, most of them using structural information about
protein interactions. In this regard, it is possible to distinguish
between two groups of methods: those that make use of machine
learning methods, such as random forests or neural networks,
applied directly at structure level, like PoPMuSiC [1], ELASPIC
[2], BindProf ([3]), ZEMu [4], mCSM [5]; and those that make
use of energy scoring functions [6].
The main objective of this work is to build a simple but
robust predictor of binding energy changes upon mutation,
once structural information is provided. Three different tools
are being employed: First, given the wild type structure of
a complex, mutations are modelled with Modeller, a powerful
program extensively used in protein homology modeling. Using
the workframe provided by the tool, 50 different models are
created for each mutation. This model diversity helps to take
into account protein flexibility and explore, more efficiently, the
conformational space of interactions.Then, models are evaluated
using Modeller DOPE assessment tool and pyDock scoring func-
tion. DOPE [7] is statistical-potential-based tool that evaluates the
quality of a model. The pyDock scoring function [8] is formed
by different energy terms (electrostatic, desolvation and van der
Waals), and was originally designed to deal with protein-protein
docking problems. However, due to its energetic basis, we wanted
to test their ability to evaluate changes in binding energies.
The correlation between pyDock energy and experimental
∆∆G values is being tested on SKEMPI ([9]), a dataset that
provides a large set of mutations in protein complexes for which
there are both structural information and experimental measures
of the changes in binding energy (∆∆G) upon mutation. A
careful curation of the experimental data, coming from different
experimental techniques, environmental conditions (e.g., temper-
ature, pH) has been performed. Optimization of parameters and
selection of unbiased experimental data are expected to lead
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Fig. 1. Binding energy prediction workframe
to a high correlation coefficient between theoretical values and
experimental ones.
Compared with other state-of-the-art methods based on
machine-learning approaches, the method we here proposed,
offers a much simpler workframe, keeping a scientific-knowledge
base.
Index Terms—Docking, Personalized Medicine, Structural Bi-
ology, PPI
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Fig. 2. Real experimental values against predicted ones using PyDock scoring
functions when mutations and original residues are polar or apolar
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